Aim: To predict the myometrial invasion with three-dimensional (3D) ultrasonography in a cohort of patients with endometrial carcinoma by a previously described technique. Material and methods: The moyometrial infiltration was evaluated by 3D ultrasonography before surgery in 54 patients with endometrial carcinoma. After scanning the whole uterus by ultrasonography, three perpendicular planes were identified to find the shortest myometrial tumor-free distance to serosa (TDS) by examining the lateral, anterior, posterior, and fundal parts of the myometrium. Myometrial infiltration was also estimated by the subjective impression of the examiner. The reference standards consist of myometrial infiltration and TDS which are measured by an experienced pathologist. Results: Forty-five patients (age range 45-86 years) were included for the final analysis. Myometrial invasion was ˂50% in 36 and ≥50% in 9 cases at histologic sections. The TDS which is measured with 3D ultrasonography was positively correlated with histologically measured TDS (r=0.474, p=0.001). The best cut-off value for ultrasonographically measured TDS was 9 mm with a sensitivity of 89%, specifity of 61%, positive predictive value of 36%, and negative predictive value of 96%. Subjective impression has a sensitivity of 100%, specifity of 88%, positive predictive value of 69%, and negative predictive value of 100%. Cervical involvement was correctly identified in all 6 cases by subjective impression. Conclusion: This validation study confirms the 3D ultrasonography as a valuable tool for the evaluation of myometrial infiltration in patients with endometrial carcinoma.
Introduction
The surgical staging of endometrial carcinoma patients is an essential part of the overall therapy [1] . Pelvic and para-aortic lymphadenectomy is an important part of the complete surgical staging with an inherent complication rate. Retroperitoneal lymphadenectomy may be avoided in low-risk patients. Myometrial infiltration of the tumor is one of the factors that define low-risk patients along with tumor type and histologic grade [2] . Myometrial infiltration of the tumor can be predicted by magnetic resonance imaging (MRI) and ultrasonography (US) in the preoperative setting. Macroscopic evaluation of the uterus and frozen section analyses are done intraoperatively to predict the myometrial invasion [3] . The accuracy of MRI imaging for the assessment of myometrial invasion in patients with endometrial carcinoma is reported between 62% to 95% in two studies [4, 5] .
Transvaginal US is a method to examine the myometrial invasion and the cervical stromal invasion non-invasively, without using contrast agent, in patients with endometrial carcinoma. Three-dimensional (3D) US adds a more accurate examination of the uterus with many perpendicular planes [6] . Raine-Fenning et al [7] and Alcazar et al [8] reported 3D US as less operator dependent than two-dimensional US.
Alcazar et al [8, 9] proposed a technique for assessing the myometrial invasion in patients with endometrial carcinoma. The aim of the present study was to validate the proposed technique in a cohort of patients with endometrial carcinoma.
Materials and methods

Study Patients
The Ege University Ethical Committee approval was obtained and written consent was obtained from all patients for the study. Patients with presumed early stage endometrial carcinoma were included in the study, in a single University Hospital. Preoperative work-up of the patients consists of chest X-ray, whole abdominal ultrasonography, blood biochemical tests, physical and gynecological examination. The diagnosis of endometrial carcinoma was obtained either by endometrial curettage or hysterescopic endometrial biopsy. The patients with intramural leiomyoma greater than 3 cm and submucous leiomyoma (n=6) were excluded from the study. Surgical treatment and staging was not performed because of cardiac disease (n=1), parametrial involvement with intraabdominal carcinomatosis (n=1) and parametrial involvement (n=1) in three patients.
Ultrasonography
All ultrasonographic examinations were performed within two weeks prior surgery with a transvaginal probe (3-9 MHz, E8, GE Healthcare, Milwaukee, WI). All ultrasonographic examinations were performed by one physician (A.M.E.) with three years of experience in 3D US. Two-dimensional US examination was initially performed to explore the uterus, adnexa and endometrial thickness. The 3D volume box was placed over the endometrial and myometrial areas. A total of 4 volumes were obtained and stored on a hard disc for further evaluation [8] . Volume examinations were blinded to histological results. Myometrial infiltration was assessed in the stored volume. Transverse, sagittal, and coronal planes of the uterus were evaluated carefully. Myometrial tumor-free distance to serosa was measured in the lateral walls and fundus in coronal and sagittal planes (fig 1) . The subjective shortest tumor-free distance to serosa (TDS) which was found in any area was selected to determine the depth of myometrial infiltration. Myometrial infiltration was also estimated subjectively according to the examiner impression of the depth of invasion (≥50% or <50 %) by identifing the point in which the myometrial-endometrial interface was not clearly defined. The examiner compared the supposedly tumor-free myometrial wall at that point with the opposite myometrial wall: if a marked asymmetry was identified, deep (≥50%) infiltration was documented; if myometrial thickness was similar in both myometrial walls, superficial (<50%) infiltration was documented. The involvement of the lower uterine segment of uterus and cervical canal was evaluated subjectively by 3D US. The subjective disruption of the lower uterine segment of uterus and cervical canal with irregular appearance of endometrial-myometrial border was determined as subjective cervical involvement of endometrial carcinoma.
Control patients
Two control groups of asymptomatic patients were recruited to determine the normal TDS value in normal uteri. The first group included premenopausal patients (n=20) and the second group postmenopausal women (n=20). The postmenopausal period was defined as an absence of menstruation for 1 year in women older than 45 years of age. None of these two groups of patients had uterine or endometrial pathologies including leiomyomas, adenomyosis, congenital anomalies, endometrial polyps, endometrial hyperplasia and endometrial thickness >5 mm in postmenopausal age. None of these patients used oral contraceptives, hormone replacement therapy, or tamoxifen. Reproducibility studies of TDS measurement were performed previously by Alcazar et al [9] .
Surgical staging
Standard surgery included total abdominal hysterectomy, bilateral salpingo-oophorectomy, and pelvic washings for cytological examination. Omentectomy was performed in serous papillary and clear cell histological types of endometrial carcinoma. Pelvic and paraaortic lymphadenectomy was performed in grade 3, serous papillary and clear cell histological types and outer myometrial infiltration (≥50%) on frozen section pathological analysis. The pathological data from an individual patient included histological type, histological grade, depth of myometrial infiltration, lymphovascular space in- volvement, TDS, cervical involvement, and lymph node status. The pathological data were used as the reference standard of the study. All surgeries were performed by experienced gynecologic oncologists with dedicated surgical and pathological teams in a specialized gynecologic oncology division of University Hospital. Tumor stage was determined according to the International Federation of Gynecology and Obstetrics Criteria [1] . Tumor histologic grade was determined according to the following three-grade system: grade 1 carcinoma showed solid growth pattern in less than 5% of the tumor; grade 2 carcinoma showed solid growth pattern in 5%-50% of the tumor; grade 3 carcinoma showed solid growth pattern in more than 50% of the tumor.
Statistical Analysis
The Kolmogorov-Smirnov test was used to assess the normal distribution of continuous data. Continuous data were compared by using one-way analysis of variance when data were normally distributed or by using the MannWhitney U test when data were not normally distributed.
The t test was used to compare the means for two independent samples. These tests were used for comparing TDS measured by using ultrasonography in the control group according to the site of measurement, and TDS measured by using ultrasonography in study group according to histologic depth of invasion. A receiver operating characteristic (ROC) curve was plotted to determine the best cutoff value for TDS for identifying deep myometrial invasion.
The best cutoff value was chosen according to the best sensitivity with the lowest false-positive rate. A p value of 0.05 or less was considered to indicate a statistically significant difference. All analyses were performed by using software (SPSS, version 15.0; SPSS, Chicago, Ill).
Results
The mean age of the patients with endometrial carcinoma was 62.1±10 (45-86) and 89% (n=40) of women were postmenopausal. Tumor histologic features are shown in Table I . Table II shows median TDS at the level of fundus, anterior and posterior uterine walls, and lateral uterine wall in the control groups. TDS in all uterine walls was longer in premenopausal women than in postmenopausal women.
The Mann-Whitney U test was used to compare TDS measured by 3D ultrasonography and by a pathologist according to myometrial infiltration. Median TDS measured by a pathologist and that measured by using threedimensional ultrasonography were significantly shorter in those tumors with 50% or more myometrial infiltration than in those with less than 50% infiltration (Table III) .
There was a positive correlation between pathologically measured and 3D ultrasonographically-measured TDS (r=0.474, p=0.001); mean and standard deviations of these measurements were found as 9.5, 3.27 and 14.5, 8.27 (mean, standard deviation), respectively. There was a statistically significant difference between 3D ultrasonographically-measured TDS and histologically measured TDS (p=0.001). Median TDS in the control group n -number of patients Table II . Measurement of median tumor-free distance to serosa (TDS) at the level of fundus, anterior and posterior uterine walls, and lateral uterine wall in control groups. Data are medians, with ranges in parentheses, n -number of patients Table III . Tumor-free distance measured by 3D ultrasongraphy and histology.
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3D US-measured TDS (mm)
Histologically measured TDS (mm) P value <50% myometrial infiltration 10 Data are medians, with ranges in parentheses, TDS: tumor-free distance to serosa [14 mm (5-30)] was significantly higher than in the study group for tumors infiltrating less than 50% and for those infiltrating more than 50%. The receiver operating characteristic (ROC) curve determined that a shorter 3D ultrasonographically-measured TDS was a predictor for deep myometrial infiltration.
The best cut-off value for 3D ultrasonographically-measured TDS was 9 mm, which allowed for identification of cases with deep infiltration with 11% false negative and 39% false positive rate. Figure 2 shows a case of deep myometrial infiltration as determined by using 3d US. Only one case in the postmenopausal control group had a TDS less than 9 mm (5 mm).
(Tables IV). For TD, sensitivity was 89%, specificity 61%, false positive rate 39%, false negative rate 11%. positive predictive value 36%, and negative predictive value was 96%. For subjective impression, sensitivity was 100.0 %. specificity 88.9 %, positive predictive value 69.0% and negative predictive value 100.0%. With subjective impression, the false positive rate was 11.2%, which was much lower than that of TDS (p<0.001).
Cervical involvement was correctly identified in all of six (100%) cases by subjective sonographic impression.
Discussions
Myometrial infiltration is one of the most important factors determining lymph node metastasis and adjuvant radiotherapy in patients with endometrial carcinoma. The reliable estimation of myometrial infiltration before surgery by a non-invasive methods is surely very helpful for the planning of surgical procedure and informing the patient about the extent of surgical procedure [10] . The lymphadenectomy procedure also has an inherent morbidity including lymphocele formation, vascular injury, and thrombosis [11] . Intraoperative gross evaluation of the uterus has a sensitivity of 67%-77% with a false negative rate for detection of deep myometrial invasion of about 23%-33% [3, [12] [13] [14] . MRI has a sensitivity of 80% to 91% for preoperative evaluation of myometrial infiltration by endometrium carcinoma [4, [15] [16] [17] . Also, adding diffusion weighted imaging sequence to the standard MRI, increases the detection of deep myometrial invasion of endometrial cancer [18] . However, MRI has a high cost and is not available in all institutions.
3D US provides multiplanar imaging of uterus in real-time including coronal planes. Alcazar et al [8] demonstrated that this technique is much less operator dependent than two-dimensional US. The sagittal plane of uterus can be assessed by two-dimensional US but it is almost impossible to gain knowledge regarding the coronal plane of the uterus which is easily visualized by 3D US.
Alcazar et al [9] were able to predict the deep myometrial infiltration in all cases of endometrial cancer by uterine virtual navigation. Their data indicated that with a 9.0 mm cut-off, TDS can accurately identify all cases of deep infiltration without any false-negative patients.
They also showed that with subjective impression, the false-positive rate is 17.4%. In the present study, with subjective impression, the false positive rate was 11.2% which is much lower than that of TDS (p<0.001).
In line with the original study, we validated that the best cut-off value for 3D ultrasonographically-measured TDS was 9 mm for identifying myometrial infiltration of 50% or more [9] . Moreover in our study subjective impression had a better diagnostic performance than 3D ultrasonography in determining the deep myometrial infiltration.
However, false positive cases have less clinical importance from the perspective of oncological surgery. It is more important to leave the positive lymph nodes un- Table IV . Diagnostic performance of tumor-free distance to serosa (TDS) as measured by 3D ultrasonography and the subjective impression of the examiner by ultrasonography. TDS: Tumor-free distance attended in cases with deep myometrial invasion. In line with the study of Alcazer et al [9] the low false negative rate rather than false positive rate and higher sensitivity of both subjective impression and TDS, 3D US is a good alternative to MRI. TDS is important for predicting recurrence in endometrial cancer. Lindauer et al [19] determined whether a tumor-free distance from the uterine serosa is more predictive of patient outcome than the depth of endometrial cancer invasion into the myometrium. In a multivariate model, tumor-free distance from the uterine serosa was shown to correlate with surgicopathologic variables, recurrence risk, and survival.
Parameter
Myometrial infiltration
Karlson et al [20] first suggested the use of the tumor/ uterine anteroposterior diameter ratio, a result of >0.5
indicating high risk of deep myometrial invasion, with a sensitivity of 79% and a specifity of 100%. Mascilini et al [21] compared the diagnostic accuracy of subjective US assessment with that of objective measurement techniques in women with endometrial cancer. They found that the sensitivity (72%) and specifity (76%) of tumor/uterine anteroposterior diameter is not significantly different from those of subjective evaluation (sensitivity 77%, specifity 81%). They proposed the distance from outer cervical os to lower margin of tumor for predicting cervical invasion; however, it had only non-significantly higher sensitivity than subjective evaluation (73% vs 54%).
Alcazar et al compared the diagnostic performance of six different approaches (impression of examiner, Karlsson's criteria, endometrial thickness, tumor/uterine 3D volume ratio, TDS and von Holsbeke's subjective model) for assessing myometrial infiltration using transvaginal/ transrectal US in endometrial carcinoma [22, 23] . The study showed that the subjective impression seems to be the best approach for assessing myometrial infiltration in grade 1 or 2 endometrioid carcinoma and the use of mathematical models and other objective 2D and 3D measurement techniques do not improve diagnostic performance. Also, their metaanalysis showed that objective measurement techniques were not superior to subjective assessment [24] .
The results on the use of US to assess cervical invasion are generally very good for subjective assessment, with sensitivities ranging from 77 to 93% and specifities ranging from 85 to 99% [25] [26] [27] . Subjective evaluation takes more features into account in addition to size and proportion, including regularity of the endometrial-myometrial border and vascular pattern. In large exophytic tumors, the tumor proportion will be great but the endometrial-myometrial border will be regular and the focal vessel pattern will indicate that it is a large polypoid lesion bulging into the cavity and stretching the surrounding myometrium, rather than infiltrating [28] . In the present study, cervical involvement was correctly identified in all cases by subjective sonographic impression. The limitation of the study was relatively few patient numbers. Further prospective studies with a larger population are required in order to determine a more accurate cut-off value for identifying myometrial infiltration of 50% or more in endometrial cancer.
In conclusion, tumors may infiltrate any region of the myometrium and 3D US allows the assessment of the uterus in all planes. In this present study, a subjective impression with 3D US determined deep myometrial infiltration in all cases. In line with the original study the best cut-off value for 3D ultrasonographically-measured TDS is 9 mm for identifying myometrial infiltration of 50% or more. However, more studies are required to prove the practicability of 3D US to the assessment of the depth of myometrial infiltration by endometrial cancer.
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